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(57) ABSTRACT

A screening apparatus for grading particulate material
includes a grading screen having apertures for water and/or
undersize particles to pass through. The grading screen 1s
supported on a frame mounted on a chassis via resilient
linkages, and the grading screen being vibrated by a vibrat-
ing device that imparts circular or reciprocating motion to
the grading screen. The grading screen 1s set at a predeter-
mined slope whereby material to be graded can be delivered
onto an upper end while the grading screen 1s vibrated to
convey the material over the grading screen and to cause
undersize material to pass through the apertures. Oversize
matenal 1s discharged from a lower end of the screen onto
a conveyor or into a collection bay or hopper. A sump
beneath the grading screen receives under-sized material
passing through the grading screen, and a jet pump conveys
material from the sump to a dewatering screen.

22 Claims, 5 Drawing Sheets
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1
SCREENING APPARATUS

FIELD OF THE INVENTION

The present invention relates to a screening apparatus for
washing and grading particulate material, such as sand.
Vibrating screens are commonly used to wash, sort, grade or
classity particulate material, such as sand.

BACKGROUND OF THE INVENTION

A typical vibrating screen comprises a frame, defined by
a pair of substantially parallel side walls interconnected by
transversely extending bridging members, upon which 1s
mounted a polyurethane screen having small openings or
slots for water and/or undersize particles to pass through.

The frame 1s mounted on a chassis via resilient mountings
or linkages and the frame, and thus the screen, 1s typically
vibrated by means of a pair of counter rotating rotors
defining eccentric masses, typically driven by one or more
drive motors, to impart circular or reciprocating vibratory
motion to the screen.

In a grading screen the screen 1s arranged at a predeter-
mined slope and material to be graded 1s delivered onto an
upper end of the screen, typically entrained i a flow of
water. The screen 1s vibrated at high frequency to convey the
material over the screen and to cause undersize material (and
water) to pass through the openings, oversize material being,
discharged from a lower end of the screen onto a conveyor
or 1nto a collection bay or hopper. The undersize matenal 1s
typically collected 1n a sump and 1s then conveyed to a
dewatering screen and/or cyclone separator for dewatering
or further treatment.

It 1s known to provide a grading screen having a split
screen, typically forming the bottom deck of a multi-deck
screening apparatus, wherein the screen 1s divided into an
upstream section having a relatively small aperture size and
a downstream section having a larger aperture size, such that
the screen can produce three separate products or grades of
maternial. For example, the upstream section of the screen
may have very small apertures where the 0-4 mm matenal
can pass through and the downstream section may have
larger apertures to allow the 4-6 mm material to pass
through. The 6-25 mm product may then travel down the
screen to pass over the downstream end of the screen onto
a stockpiling conveyor. The sump of the screening apparatus
may be corresponding split into two sections for receiving,
material from the upstream and downstream sections of the
screen respectively. Typically the 0-4 mm material collected
in a first section of the sump may be pumped to a cyclone
separator, typically by means of a centrifugal pump, for
removal of fine contaminants from the fine product, before
being passed to a dewatering screen while the 4-6 mm
product may be pumped directly to the dewatering screen
(which may also be split into two sections to maintain the
separation of the 0-4 mm and 4-6 mm products). However,
the 4-6 mm product 1n particular tends to be very gritty and
thus leads to accelerated wear of the pump used to pass such
material to the dewatering screen. Diflerent aperture sizes
may be used to suit different particle sizes to provide desired
grades of product (e.g. 0-2 mm, 2-8 mm and 8-25 mm).

An object of the present invention 1s to provide an
improved screening apparatus that overcomes the problems

of the prior art.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there
1s provided a screening apparatus for grading particulate
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2

material comprising a grading screen having apertures
formed therein for water and/or undersize particles to pass
through, the grading screen being supported on a frame
mounted on a chassis via resilient linkages, the frame, and
thus the grading screen being vibrated by vibrating means,
such as a pair of counter rotating rotors defining eccentric
masses driven by one or more drive motors, to impart
circular or reciprocating vibratory motion to the grading
screen, the grading screen being arranged at a predetermined
slope whereby material to be graded can be delivered onto
an upper end of the grading screen, typically entrained 1n a
flow of water, while the grading screen 1s vibrated by the
vibrating means to convey the material over the grading
screen and to cause undersize material and water to pass
through the apertures of the grading screen, oversize mate-
rial being discharged from a lower end of the grading screen
onto a conveyor or ito a collection bay or hopper, a sump
being provided beneath the grading screen for receiving
under-sized material passing through the openings of the
grading screen, a jet pump being provided for conveying
material from the sump to a dewatering screen.

The jet pump may entrain material from the sump nto a
high pressure stream of water.

Optionally, the jet pump 1s mounted on an outer wall of
the sump, material being entrained into the jet pump via an
opening in the outer wall of the sump. A suction chamber of
the jet pump communicates with the sump via a feed
passage. The feed passage preferably narrows from an
opening 1n the outer wall of the sump towards the suction
chamber of the jet pump.

A water inlet may be provided at an upstream end of the
jet pump connectable to a high pressure water supply of the
apparatus, the water ilet communicating with a converging
venturi section terminating in an outlet nozzle for supplying
high pressure water into the suction chamber of the jet
pump.

In one embodiment the outlet nozzle comprises a replace-
able and interchangeable nozzle insert mounted within the
venturlt section of the jet pump, whereby nozzle inserts
having different internal bores can be inserted within the
venturi section of the jet pump to provide a desired water
velocity within the suction chamber of the jet pump. Option-
ally, a replaceable wear liner 1s be provided within the
suction chamber. The replaceable wear liner may be formed
from cast iron. Optionally, the replaceable wear liner is
formed from a hard wearing material, such as high strength
high chromium cast 1ron.

Optionally, the jet pump 1ncludes a mixing section down-
stream of the suction chamber, the mixing section having
substantially parallel side walls. An upstream end of the
mixing section may be provided with a radiused or rounded
edge. Optionally, the jet pump includes a diverging diffuser
section downstream of the mixing section. The mixing
section and/or diffuser section may be replaceable. The
mixing section and/or diffuser section may be formed from
a hard wearing materal, such as a high chromium cast 1ron.

In one embodiment the grading screen comprises a split
screen divided into an upstream section having a relatively
small aperture size and a downstream section having a larger
aperture size, undersized material passing through the aper-
tures ol the downstream section being collected 1n a separate
region of the sump for easier maintenance, the jet pump
being arranged to pass the undersized material from the
separate sump region to the dewatering screen. The jet pump
may be mounted on a wall of the separate region of the sump
outside of the sump. The separate region of the sump
comprises may comprise an auxiliary sump mounted within
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the sump of the grading screen. The under-sized material
passing through the apertures of the upstream section of the
grading screen may be received 1n a main sump region, a
pump being provided for pumping material from the main
sump region to a hydrocyclone. The pump may comprise a
centrifugal pump. The undertlow from the hydrocyclone 1s
preferably delivered to the dewatering screen.

Optionally, the dewatering screen 1s split 1n a first section
which receives material from the separate sump region via
the jet pump and a second section which receives the
underflow of the hydrocyclone.

These and other objects, advantages and features of the
invention will become apparent upon review of the follow-
ing specification 1 conjunction with the drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

A screening apparatus in accordance with an embodiment
of the present invention will now be described, by way of
example only, with reference to the accompanying drawings,
in which:

FIG. 1 1s a perspective view of a screening apparatus in
accordance with an embodiment of the present invention;

FIG. 2 1s an enlarged side view of a portion of the
screening apparatus of FIG. 1;

FIG. 3 1s a perspective view of a portion of the screening
apparatus generally corresponding to FIG. 2;

FIG. 4 15 a top perspective view of part of the screening
apparatus of FIG. 1;

FIG. 5 1s a top plan view of the part of the screenming
apparatus of FIG. 4;

FIG. 6 1s a sectional view of a jet pump of the screening
apparatus of FIG. 1; and

FI1G. 7 1s a further sectional view of the jet pump of FIG.
6.

DETAILED DESCRIPTION OF THE DRAWINGS

A screening apparatus 1n accordance with an embodiment
of the present mvention 1s illustrated 1in FIG. 1. The appa-
ratus comprises an e¢longate chassis 2 upon which 1s
mounted a grading screen 4, a hydrocyclone 6 and a dewa-
tering screen 8 and various stockpile conveyors 10,12,
pumps 14 and control devices.

As 1s conventional i the art, the grading screen 4,
typically comprises the lower deck of a multi-deck screening,
assembly, comprises a frame 16, for example defined by a
pair of substantially parallel side walls interconnected by
transversely extending bridging members, upon which 1s
mounted a polyurethane screen deck having small openings
or slots for water and/or undersize particles to pass through.

The frame 16 of the grading screen 4 1s mounted on a
chassis 2 wvia resilient mountings or linkages 18 and the
frame, and thus the screen, 1s typically vibrated by means of
one or more eccentric masses 20 driven by one or more drive
motors 22, to impart circular or reciprocating vibratory
motion to the screen deck.

The grading screen 4 1s arranged at a predetermined slope
and material to be graded 1s delivered onto an upper end of
the screen via a feed conveyor 24, entrained 1 a flow of
water added to the material at the upper end of the screen
deck via a suitable supply means. The grading screen 4 can
be vibrated at high frequency to convey the material over the
screen and to cause undersize material (and water) to pass
through the opemings, oversize material being discharged
from a lower end of the screen deck onto a belt conveyor 10.
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The grading screen 4 comprises a split screen, wherein the
screen deck 1s divided into an upstream section having a
relatively small aperture size and a downstream section
having a larger aperture size, such that the screen deck can
produce three or more separate products or grades ol mate-
rial. For example, the upstream section of the grading screen
4 may have very small apertures where the 0-4 mm material
can pass through and the downstream section may have
larger apertures to allow the 4-6 mm material to pass
through. The +6 mm product may then travels down the
screen deck to pass over the downstream end of the screen
onto the belt conveyor 10 extending from one side of the
chassis.

As best shown 1 FIGS. 4 and 5, the sump 26 of the
grading screen 4 comprises a primary chamber 28 for
receiving the 0-4 mm material from the upstream section of
the screen deck. A smaller auxiliary sump 30 1s mounted
within the sump 26 of the grading screen 4, the auxiliary
sump 30 being arranged to recerve the 4-6 mm maternal from
the downstream section of the screen deck of the grading
screen 4.

The 0-4 mm material collected 1n the primary chamber 28
of the sump 26 1s pumped to the hydrocyclone 6 by means
of a centrifugal pump 14. The hydrocyclone 6 facilitates
highly accurate separation of silts and clays from the final
washed sand product. The fine sand fraction 1s then dis-
charged via the cyclone undertlow to a rubber lined feed box
which distributes the material evenly onto a first side of the
dewatering screen 8. This maximises the screening area and
ensures high efliciency dewatering. This product 1s then
stockpiled from a discharge end of the dewatering screen 8
via a stockpile belt conveyor.

The <63 micron fraction overflow from the hydrocyclone
6 and 1s transierred along with waste water for further
processing. This overflow 1s discharged at the highest point
of the apparatus which negates the need for additional
pumping. Such overflow from the hydrocyclone 6 may be
fed to a thickener tank (not shown), where a tlocculent 1s
added. Sludge settles at the bottom of the thickener tank,
where a set of rakes may ensure that the sludge 1s maintained
at an even consistency before it 1s discharged to ponds.
Clean water overflows the thickener tank and can be
recycled to a water storage tank for reuse in the apparatus.

The 4-6 mm product collected 1n the auxiliary sump 30 1s
transierred to a second side of the dewatering screen 8 by
means of a jet pump 32 mounted on a side wall 34 of the
auxiliary sump 30 on an outer side thereol, whereby the jet
pump 32 1s readily accessible for maintenance and repair.

The sizes of the apertures 1n the upstream and down-
stream sections of the screen deck may be varied to suit the
particle size range (or cut point) of the products to be
produced by the screening apparatus. Thus the size ranges
listed above are only examples of possible size ranges.

An opening 36 i1s defined in the side wall 34 of the
auxiliary sump 30, adjacent a lower end thereot to which the
jet pump 32 1s attached. A feed section 38 of the jet pump
32 comprises a peripheral mounting flange 40 adapted to
engage the perniphery of the opening 36 auxiliary sump 30,
the feed section 40 narrowing ifrom the mounting flange 40
towards a suction chamber 42 of the jet pump 32. A water
inlet 44 1s provided at an upstream end of the jet pump 32
connectable to a high pressure water supply of the apparatus.
The water inlet 44 communicates with a converging venturi
46 section leading to a nozzle 48. The nozzle 48 comprises
a replaceable insert, whereby nozzles 48 having different
internal bores can be used to provide a desired 20 water
velocity within the suction chamber 42 of the jet pump 32.
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A replaceable wear liner 50, formed from a hard wearing
maternal, such as a high chromium cast iron, may be pro-
vided within the suction chamber 42.

Immediately downstream of the suction chamber 42 a
mixing section 52 1s provided having substantially parallel
side walls. An upstream end of the mixing section 52 1s
provided with a radiused or rounded edge 54. A diverging
diffuser section 56 1s provided downstream of the mixing
section 52. The mixing section 52 and/or diffuser sections 54
may also be arranged to be replaceable and may be formed
from a suitable hard wearing material, such as a high
chromium cast iron. An outlet pipe 58 1s coupled to the
downstream end of the jet pump 32 leading to a feed box of
the dewatering screen 8.

By providing an interchangeable and replaceable nozzle
48, suction chamber wear liner 52 and interchangeable and
replaceable mixing and diffuser sections 52,54, the jet pump
can be tailored to suit the maternial being pumped and can be
repaired when worn, facilitated by the accessibility of the jet
pump external to the sump 26 of the grading screen 4.

The invention 1s not limited to the embodiment(s)
described herein but can be amended or modified without
departing from the scope of the present invention, which 1s
intended to be limited only by the scope of the appended
claims as interpreted according to the principles of patent
law 1ncluding the doctrine of equivalents.

The 1nvention claimed 1s:

1. A screening apparatus for grading particulate material,

comprising;

a grading screen having apertures formed therein for
water and/or undersize particles to pass through, the
grading screen being supported on a frame mounted on
a chassis via resilient linkages;

a vibrating device operable to vibrate the frame and the
grading screen;

wherein the grading screen 1s arranged at a predetermined
slope whereby matenial to be graded can be delivered
onto an upper end of the grading screen while the
grading screen 1s vibrated by the vibrating device to
convey the matenial over the grading screen and to
thereby cause undersize material to pass through the
apertures of the grading screen, wherein the grading
screen 1s operable to discharge oversize matenal from
a lower end thereof onto a conveyor or 1nto a collection
bay or hopper;

a sump mounted beneath the grading screen for receiving
under-sized material passing through the opemings of
the grading screen; and

a jet pump 1 fluid communication with the sump for
conveying the under-sized material from the sump to a
dewatering screen;

wherein the grading screen comprises a split screen
divided ito an upstream section having a relatively
small aperture size and a downstream section having a
relatively larger aperture size, wherein the grading
screen 1s configured so that undersized material passing
through the apertures of the downstream section 1is
collected 1n a separate region of the sump, and wherein
the jet pump 1s configured to pass the undersized
material from the separate sump region to the dewa-
tering screen; and

wherein under-sized material passing through the aper-
tures of the upstream section of the grading screen are
received 1 a main sump region, and wherein the
apparatus comprises a further pump for pumping mate-
rial from the main sump region to a hydrocyclone.
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2. The apparatus of claim 1, wherein the jet pump 1s
operable to enfrain material from the sump into a high
pressure stream ol water.

3. The apparatus of claim 1, wherein the jet pump 1s
mounted on an outer wall of the sump.

4. The apparatus of claim 3, wherein the jet pump
comprises a suction chamber 1 communication with the
sump via a feed passage, material being entrained 1nto the jet
pump via an opening in the outer wall of the sump.

5. The apparatus of claim 4, wherein the feed passage
narrows from the outer wall of the sump towards the suction
chamber of the jet pump.

6. The apparatus of claim 4, wherein a water inlet 1s
provided at an upstream end of the jet pump, wherein the
water inlet 1s connectable to a high pressure water supply of
the apparatus, the water inlet communicating with a con-
verging ventur: section terminating in an outlet nozzle for
supplying high pressure water into the suction chamber of
the jet pump.

7. The apparatus of claim 6, wherein the outlet nozzle
comprises a replaceable and interchangeable nozzle nsert
mounted within the venturi section of the jet pump, whereby
a plurality of the nozzle inserts having different internal
bores can be inserted within the ventur: section of the jet
pump to provide a desired water velocity within the suction
chamber of the jet pump.

8. The apparatus of claim 4, further comprising a replace-
able wear liner provided within the suction chamber.

9. The apparatus of claim 8, wherein the replaceable wear
liner 1s formed from cast 1ron.

10. The apparatus of claim 9, wherein the replaceable
wear liner 1s formed from high chromium cast iron.

11. The apparatus of claim 4, wherein the jet pump
includes a mixing section downstream of the suction cham-
ber, the mixing section having substantially parallel side
walls.

12. The apparatus of claim 11, wherein an upstream end
of the mixing section 1s provided with a radiused or rounded
edge.

13. The apparatus of claam 11, wherein the jet pump
includes a diverging diffuser section downstream of the
mixing section.

14. The apparatus of claim 13, wherein the mixing section
and/or diffuser section are replaceable.

15. The apparatus of claim 13, wherein the mixing section
and/or diffuser section are formed from a high chromium
cast 1ron.

16. The apparatus of claim 1, wherein the jet pump 1s
mounted on a wall of the separate region of the sump outside
of the sump.

17. The apparatus of claim 16, wherein the separate region
of the sump comprises an auxiliary sump mounted within
the sump of the grading screen.

18. The apparatus of claim 1, wherein the further pump
comprises a centrifugal pump.

19. The apparatus of claim 1, wherein an underflow from
the hydrocyclone 1s delivered to the dewatering screen.

20. The apparatus of claim 1, wherein the dewatering
screen 1s split 1n a first section which receives material from
the separate sump region via the jet pump and a second
section which receives an underflow of the hydrocyclone.

21. The apparatus of claim 1, wherein the apparatus
comprises a multi-deck screening apparatus and the grading
screen comprises a lower deck of the multideck screening
apparatus.

22. A screening apparatus for grading particulate material,
comprising;
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a grading screen having apertures formed therein for a sump mounted beneath the grading screen for receiving
water and/or undersize particles to pass through, the under-sized material passing through the openings of
grading screen being supported on a frame mounted on the grading screen; and
a‘cha.ssm Vla_l’95111‘311t hnkagesf; a jet pump 1n fluid communication with the sump for
a vibrating device operable to vibrate the frame and the 5 conveying the under-sized material from the sump to a

grading screen;

wherein the grading screen 1s arranged at a predetermined
slope whereby matenal to be graded can be delivered
onto an upper end of the grading screen while the
grading screen 1s vibrated by the vibrating device to 1¢
convey the material over the grading screen and to
thereby cause undersize maternial to pass through the
apertures of the grading screen, wherein the grading
screen 1s operable to discharge oversize material from
a lower end thereof onto a conveyor or 1into a collection 15
bay or hopper;

a hydrocyclone operable to dispense an underflow to the
grading screen; S I T

dewatering screen;

wherein the grading screen 1s configured so that under-
s1ized materal passing through the apertures of a down-
stream section 1s collected 1n a separate region of the
sump, and wherein the jet pump 1s configured to pass

the undersized material from the separate sump region
to the dewatering screen; and

wherein the dewatering screen 1s split 1n a first section
which receives material from the separate sump region
via the jet pump and a second section which receives
the undertlow of the hydrocyclone.
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